Historical Perspective
In 1880, Karl Joseph Eberth described a bacillus that he suspected to be the cause of typhoid fever (Eberth, 1880) . In 1884, the pathologist Georg Theodor August Gaffky confi rmed Eberth's fi ndings, and the organism was named Gaffky-Eberth bacillus. At that time, it was also known that bacteria similar to Salmonella serovar Typhi could cause enteric disease in humans and farm animals. This was proved when Salmon and Smith reported the isolation of the bacteria responsible for 'hog cholera' or 'swine fever' in 1885. The name Salmonella was subsequently adopted in honour of Salmon, an American veterinary surgeon.
In the early to mid-20th century there were many pioneering studies into the identifi cation and differentiation of Salmonella. The schemes that were developed made use of the fact that, although Salmonella show considerable antigenic diversity, they elicit two principal antibody reactions in infected animals. Thus antibodies are produced against cell-surface or somatic O antigens and fl agella or H antigens. In 1929, White developed a typing scheme based on this antigenic variation, which was later modifi ed by Kauffmann. This work enabled the differentiation of Salmonella into serovars. In 1934, the fi rst Kauffmann-White scheme containing 44 serovars was published by Kauffmann and the Salmonella Subcommittee (Kelterborn, 1967) .
Later, biochemical methods were introduced into the scheme to better identify the diverse characteristics of Salmonella species and subspecies. In the following years, supplements describing novel serovars of different subspecies had been published by the WHO Collaborating Centre for Reference and Research on Salmonella under the leadership of Le Minor. In recognition of the importance of the work by Le Minor in the 1970s and 1980s, the scheme was renamed the WhiteKauffmann-Le Minor scheme. Two species had been classifi ed within the genus Salmonella: S. enterica (grouped in six subspecies) and S. bongori (former subsp. V, with only 23 serovars). The vast majority of serovars (1547) belong to S. enterica subsp. enterica. The last supplement (no. 47) was edited in 2010 by Weill and specifi es 2610 Salmonella serovars. To date, the White-Kauffmann-Le Minor scheme is the benchmark for Salmonella typing worldwide (Guibourdenche et al., 2010) . Today the scientifi cally correct term for the bacillus that causes typhoid fever is Salmonella enterica subsp. enterica serovar Typhi or short S. Typhi.
Since some of the common serovars such as S. Enteritidis and S. Typhimurium not only cause human infections but are also major livestock colonizers, the Salmonella subclassifi cation requires more discriminative methods than serotyping. During the past 50 years, phage typing became a very valuable tool for epidemiological purposes. The scheme for S. Typhimurium developed by Felix in 1956 (England) played a major role in many outbreak investigations and the S. Enteritidis scheme from Ward (Ward et al., 1987) and Lalko/Laszlo (Poland and Hungary, Laszlo et al., 1985) has been invaluable in the investigation of egg-and poultry-associated outbreaks that have been carried out worldwide from the 1980s to the present.
Prior to 1960, the majority of Salmonella isolates worldwide were fully susceptible to the available antibiotics but since 1962 drugresistant Salmonella strains have dramatically increased. Today, monitoring for antimicrobial resistance is standard practice. The combined determination of serovar, phage type and resistance markers played a major role in tracking Salmonella outbreaks in Germany, particularly for S. Typhimurium belonging to the defi nitive phage type 9 (DT9) in the 1960s or to the multiresistant DT204 in the 1970s and DT104 in the 1990s (Callow, 1959; Anderson et al., 1977; Rabsch et al., 2001a) . In parallel with the appearance of antibiotic resistance in Salmonella, plasmid-mediated transfer of drug resistance and spontaneous segregation and recombination of resistance factors were described for S. Typhimurium by Watanabe and Lyang in 1962 . Many studies on plasmid typing followed. This method represents another helpful tool for strain differentiation but is of limited use in serovars such as S. Enteritidis where the majority of isolates carry one single plasmid. In numerous outbreak investigations these classical typing methods combined with molecular approaches such as pulsed-fi eld gel electrophoresis (PFGE), ribotyping or multiple-locus variable number tandem repeat analysis (MLVA) allowed trace back the source of infection to a contaminated food product.
Human salmonellosis is one of the main causes of gastrointestinal infections worldwide and raises enormous public health problems in both developing and developed countries. In addition, the world has been getting 'smaller' during the last decades. To meet the ever-growing challenge produced by increased travelling and the dramatic growth of food import and export, surveillance networks became necessary to manage the international salmonellosis problems. Therefore, the Salm-Net surveillance network, which concentrated on standardization of Salmonella phage typing and the establishment of an effi cient international Salmonella database, was funded in 1994 by the EU. In numerous outbreak investigations Salm-Net and later Enter-Net demonstrated that the timely cross-national exchange of information allows effective public health activities in Europe and outside. In October 2007, the Enter-Net network was integrated into the European Centre for Disease Prevention and Control (ECDC) Food-and Waterborne Disease unit (FWD) in Stockholm.
The European Food Safety Authority (EFSA), located in Parma, Italy, was funded by the European Community as an independent agency in 2002. It is responsible for food safety and possesses regulatory authority with the objective of consumer protection. The ECDC, an EU-agency based in Stockholm, Sweden, was established in 2005. The function of the ECDC is the enhancement of European defence strategies against infectious diseases.
Human Salmonellosis in Change of Time -a Summary for Germany
Recent salmonellosis data from Germany are presented as example for the trends in most of the EU Member States. Facilitated by improved living conditions and better hygiene and health care schemes the case numbers of typhoid salmonellosis decreased steadily during the last decades and can be assumed at present to be less than 100 per year. In contrast, the number of enteric salmonellosis cases is high with more than 25,300 infections in 2010 in industrial livestock farming and food production. The altered food consumption patterns play an important role in transfer and spread of Salmonella organisms. Livestock cleaning and prevention of environmental dissemination of pathogenic bacteria (e.g. by waste water) represent essential needs to break transmission routes and to eliminate reservoirs of enteric Salmonella (Biesold and Behrend, 1970; Heuvelink et al., 2007) .
Most of the infective Salmonella are still transmitted to humans via contaminated food containing raw eggs or undercooked meat but vegetables, including fresh produce (lettuce, sprouts etc.), are gaining more and more in importance. Now and then fairly uncommon infection sources, spices, groundnuts or even chocolate have been detected. Although the reported cases of salmonellosis have varied since the legal validity of the Federal Law on Epidemic Control (BSeuchG, 1962 -2000 ) the overall trend showed increasing infection numbers from 1962 until 1992 ( Fig. 18.1 ). Considered retrospectively, the implementation of the recommended control measures of the council of the federal board of health (Kolpinghaus Berlin report, 1984; Votum of Bundesgesundheitsrat, 1985) were less successful, because in the following years the Salmonella infections caused by raw or 'undercooked' eggs increased dramatically. From the early 1990s the incidence rate dropped year by year as a consequence of numerous implemented Salmonella control programmes for the most common serovars (regulations on table eggs and on Salmonella in poultry) and the immunization strategy now applied using a safe live vaccine in poultry (Rabsch et al., 2001b) . The number of outbreaks decreased from 844 with total cases from 3229 in 2009 to 562 outbreaks with 2108 cases from 2009 to 2010. However, the real frequency of Salmonella-caused disease is hard to estimate since patients with mild diarrhoea and short illness frequently do not approach a physician. On the other hand, the rising cost pressure in the public health sector and, as a consequence, the minimized microbiological diagnostics applied to patients with diarrhoea result in the reduction of reported infections, which impedes the early recognition of pathogen transition or transformation. The number of unreported cases is assumed to be from 10-to 15-fold higher. The highest incidence is observed in children younger than 10 years with a maximum in infants.
The Most Important Salmonella Serovars
Enteric salmonellosis is provoked by a great variety of Salmonella serovars (Table 18 .1), which have their primary reservoir often within livestock populations where they persist subclinically -and undetected. The bacteria are typically transmitted to humans via contaminated food and animal products (pork, poultry meat or eggs etc.). The vast 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 (Laszlo et al., 1985; Ward et al., 1987) . The two most frequently reported phage types of S. Enteritidis were PT4/6 and PT8/7, although PT4/6 has shown a remarkable decrease during recent years. Other phage types are also involved in mainly raw egg-associated outbreaks. The ribotype differentiation is very helpful especially for (Table 18 .2). Together, these approaches allow the clear distinction of outbreak events from each other and from single infections as well as the defi nite identifi cation of the infection source.
Serological sub-differentiation of Salmonella isolates over decades allows the recognition of pathogen changes (quantifi ed by means of the epidemiological dominance in humans) as well as pathogen microevolution within a defi ned serovar (Rabsch et al., 2001a) .
Both events are of high epidemiological concern and therefore are explained in more detail below.
Pathogen Dynamics
The dominant serovars S. Typhimurium and
S. Enteritidis in different decades
In many countries, there was a marked upsurge in the number of cases of human salmonellosis between the mid-1980s and (Rodrigue et al., 1990; Wall and Ward, 1999; Cogan and Humphrey, 2003) . During this S. Enteritidis pandemic, the majority of outbreaks in Europe and the Americas were traced back to foods containing raw or undercooked chicken eggs or contaminated chicken meat (St Louis et al., 1988; Henzler et al., 1994) . In the USA S. Enteritidis steadily increased in frequency from being the sixth most common serovar in 1963 to becoming the most frequently reported serovar in 1990 (Aserkoff et al., 1970; Mishu et al., 1994) . Since its peak in 1995 the number of human cases has declined in the USA, which resulted in S. Enteritidis becoming again replaced by S. Typhimurium as the most common serovar in 1997 (CDC, 1998 (Winkle and Rohde, 1979) . The Salmonella epidemiology changed fundamentally when developing countries entered the international trade markets and exported feeding stuff, which, due to less stringent controls, was already contaminated either in the countries of origin or on intercontinental transport. In the 1960s and 1970s S. Typhimurium had been the most important serovar in humans in both German states. During the mid-1980s it had been replaced from this top position by S. Enteritidis, but it remained second (Table 18 .3; Tschäpe et al., 1999) . The decreasing percentage of S. Enteritidis and the increasing percentage of S. Typhimurium in the 21st century is shown in Table 18 .1.
Pathogen changes within a serovar (microevolution within a serovar)
Pathogen transformation in terms of Salmonella describes alterations within a serovar. Like other enterobacterial species, Salmonella easily exchanges genetic material via horizontal gene transfer. The acquisition or loss of plasmids, prophages and other genetic elements might result in changes of phage type, resistance pattern or virulence properties . Deletions of fl agellarelated genes are responsible for the inability to express the phase two fl agellar antigen e.g. in monophasic variants of S. Typhimurium. 18 .2). Sensitive strains of phage type DT9 were most important until 1972, then sulphonamide-and tetracycline-resistant (later multiresistant) strains of DT204 emerged and were dominant until the late 1980s when they were replaced by multiresistant DT104 (Rabsch et al., 2001a) . Phage type DT104 strains with an additional nalidixic acid (Nx) resistance were responsible for the increase in 2010 ( Fig. 18 .2). Since 2006 a monophasic variant of S. Typhimurium has been disseminating rapidly in Germany and the vast majority of these strains belong to phage type DT193. Thus besides the novel molecular approaches, phage typing is still a powerful epidemiological tool, especially for outbreak investigation but also for retrospective or long-term studies. (Mossong et al, 2007; EFSA report, 2010; Hauser et al., 2010) . Recent inquiries to the ECDC Extranet EPIS refer to an increase of serovar 1,4,5,12:i:-DT193 human infections in Ireland in 2009 and in the UK and France in 2011.
An emerging monophasic variant of
An EFSA-Panel found that it is currently diffi cult to monitor trends in the proliferation of monophasic strains because of the inconsistent way in which they are reported by different organisations within and between EU member states and also internationally. To ensure complete consistency of reporting, all isolates of putative Salmonella should ideally be fully serotyped in accordance with the White-Kauffman-Le Minor scheme, and the full antigenic formula should be reported, as 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Germany; 1966 .
recommended by the WHO Collaborating Centre for Reference and Research on Salmonella. If the full antigenic formula is not available but a phage type that is consistent with S. Typhimurium lacking phase two fl agellar antigens has been confi rmed, and the lack of the second phase fl agellar antigen has been verifi ed by PCR, then the term 'monophasic S. Typhimurium' is recommended for reporting purposes in the current situation (Rabsch, 2009; Torpdahl et al., 2009; EFSA, 2010) .
Salmonellosis in Europe Based on ECDC and EFSA Data
The ECDC annual epidemiological report on communicable diseases in Europe and the community summary report of the EFSA from 2010 give an overview of the situation of salmonellosis in Europe (EFSA/ECDC, 2010). In 2008, a total of ~131,000 confi rmed cases of human salmonellosis (notifi cation rate 26.4 per 100,000 of population) were reported from 27 countries. As in Germany, the total number of reported human salmonellosis cases in the EU decreased steadily by several thousand cases annually from 2004, from ~196,000 cases in 2004 to ~131,000 cases in 2008. Ten out of 27 member states reported a decrease in the notifi cation rates compared to the previous year. This might be partly explained by the obligation of the member states to implement Salmonella control programmes for the most common serovars reported in human cases in poultry fl ocks. Seven countries still show a signifi cantly increasing trend.
In 2007 and 2008, despite 17 member states reporting an increase in the number of confi rmed cases, the total number reported decreased by ~20,000 cases within 1 year, mainly due to the strong decrease in reported cases in Germany and the Czech Republic. Nine member states and Iceland experienced an increase of more than 30% confi rmed cases. One of the most affected countries was Denmark, where the number of confi rmed cases more than doubled from 1600 in 2007 to 3700 in 2008 (Rabsch, 2009; Torpdahl et al., 2009; Hauser et al., 2010; Hopkins et al., 2010) . Monophasic S. Typhimurium isolates have also been observed overseas (Switt et al., 2009; EFSA, 2010) .
Salmonella in Pork and Pork Products
Pork and pork products are progressively recognized as important sources of human salmonellosis. The increasing antimicrobial resistance associated with pork-related serovars such as S. Typhimurium (including its monophasic variant) and S. Derby may become a serious human health hazard in the near future (Boyen et al., 2008) .
From 2001 to 2005, fi ve large outbreaks were reported in Germany with pork being the probable vehicle of infection (Jansen et al., 2007) . Two of them had been caused by S. Goldcoast and the others by S. Muenchen, S. Give and S. Bovismorbifi cans. In the latter outbreak, 525 cases were reported within 3 months, one of them with a fatal outcome. The larger S. Goldcoast outbreak affected more than 250 people, two of whom died. Infections caused by S. Give led to hospitalization of more than half of the 115 patients. In all three events, case-control studies suspected raw minced pork as the infection origin, which was confi rmed by the detection of outbreak strains in isolates from both patients and pork using PFGE and -for S. Bovismorbifi cans -phage typing (Gilsdorf et al., 2005 ) .
All outbreaks showed disperse spatial distribution, affecting multiple federal states. In two of them, cross-national pig trading seemed to play a role. To prevent further human infections from contaminated pork products, an integrated programme for the reduction of Salmonella in all stages of pork production is warranted. In addition, the collaboration between epidemiologists and microbiologists from both sides, the human and the veterinarian, should be strengthened in the future.
Because of the high prevalence of serovars Typhimurium (monophasic) and Derby in pigs in Europe clonal investigation was initiated in Germany. Two major clonal lineages of the monophasic S. Typhimurium variant were detected, which can be differentiated by phage typing (DT193 70% and DT120 19%) and PFGE (Hauser et al., 2010) . For S. Derby four major clonal groups were identifi ed based on PFGE, and sequence data of the virulence genes sopA, sopB and sopD (Hauser et al., 2011) .
Is Salmonella Infantis the Next European
Salmonella Problem?
The results of an EFSA study demonstrate that S. Enteritidis und S. Typhimurium cause the major problems in laying hens in most European countries (EFSA/ECDC, 2010). In several countries immunization using both live and inactivated vaccines against both serovars has been established in the recent years. Immunization against the dominant serovars might offer an ecological niche for other Salmonella serotypes from different O-groups to enter and persist within an animal population. Quite possibly, the worldwide decade-long -and fi nally successful -fi ght against serovar S. Gallinarum enabled S. Enteritidis to invade the poultry fl ocks (Rabsch et al., 2000) and recent data suggest that S. Infantis seems to take advantage of the constant repression of S. Enteritidis. In Germany, S. Infantis has been the third most frequent serovar in human Salmonella infections for several years (Table 18 .2) and multiple outbreaks have been described worldwide (Wegener and Baggesen, 1996; Pessoa-Silva et al., 2002 
Salmonella Outbreaks Caused by Fresh Produce, Herbs, Spices and Sweets
Salmonella outbreaks linked to consumption of fresh agricultural products increased remarkably during the last decades (Hanning et al., 2009 ). Bean and Griffi n (1990) reported that fruits and vegetables had been the cause of 2% of the food-borne outbreaks in the USA between 1973 and 1987. In the 1990s, this fraction rose to 6% of all reported food-borne outbreaks, affecting more than 16,000 people in the USA (Sivapalasingam et al., 2004) . Recent data indicate that 13% of the outbreaks in the USA have been related to contaminated agricultural products (Doyle and Erickson, 2008 (Lehmacher et al., 1995) . A large outbreak caused by multiresistant S. Typhimurium DT204b (resistance pattern ACGNeKSSuTTmNxCpL) and affecting around 400 people mainly in the UK, Germany and the Netherlands was traced back to imported lettuce (Crook et al., 2003) . European outbreaks of S. Stanley and S. Newport have occurred where imported groundnuts were the infection vehicle (Kirk et al., 2004) . Salmonella Senftenberg caused an outbreak of infection associated with pre-packed basil in the UK, Denmark and the Netherlands (Pezzoli et al., 2008) . There were also outbreaks of S. Thompson infection in Scandinavia and the UK linked to consumption of rocket leaves (Nygård et al., 2008) and S. Anatum associated with imported basil caused an outbreak in Denmark (Pakalniskiene et al., 2009 . In 2001, several countries reported an increase of salmonellosis cases due to S. Typhimurium DT104. Mainly young patients with a migration background characterized the cases.
Here helva (a sweet-like dessert made from sesame paste) and tahini (sesame paste) from a Turkish factory were found to be contaminated and the consumption of these products was statistically associated with infection. In this context, 117 ready-to-eat sesame seed products were examined. Salmonella spp. were isolated from 11 samples (9.4%), including S. Typhimurium in helva from different countries and manufacturers and S. Offa, S. Tennessee and S. Poona from sesame paste (tahini) and sesame seed, which was sold for raw consumption in cereals (Brockmann et al., 2004) . From October 2002 to July 2003, a total of 42 S. Agona cases in infants younger than 13 months were reported compared with three infections in this age group during the same period in the previous year. To understand the recent spread and to trace back the route of infection, phage typing and PFGE were applied and proved to be very helpful tools for epidemiological subtyping of S. Agona isolates. The clonal identity between S. Agona isolates from infantile gastroenteritis and herbal tea containing anise, fennel and caraway seeds could be confi rmed. Subsequently, a batch of imported aniseed from Turkey was determined as the contaminated source Rabsch et al., 2005) .
Herbs and spices usually show a high level of bacterial contamination. This is due to their natural microfl ora and partly to postharvesting factors. Microbial tests of herbs and spices reveal that Salmonella spp. was regularly found within a variety of other Enterobacteriaceae. Detailed analyses of 5754 samples collected from 1994 to 2005 show that about 4% of them were contaminated with Salmonella species and examples include chamomile, melissa, onion, laurel leaves, dill, rosemary, cumin, peppermint, thyme, basil sage, ginger, marjoram, tarragon, oregano, chilli, common horse tail calendula, mugwort, senna leaves, parsley and cilantro (Hartwig et al., 2006) . Because of the high contamination rate and the extensive consumption, herbs and spices should be part of a continuous microbiological monitoring. It is known that Salmonella bacteria on plant surfaces form large microcolonies (biofi lm) with other bacteria (Römling et al., 2007) . Salmonella Thompson showed biofi lm formation on the plant surface with the indigenous bacterial fl ora and when Pantoea agglomerans, a cilantro plant isolate, was co-incubated with Salmonella (Brandl and Mandrell, 2002) .
Phage Typing or Multiplex PCR -Tools to Conclude on the Origin of Certain Serovars
Examples shown are for S. Typhimurium, S. Enteritidis and S. Paratyphi B.
Salmonella Typhimurium variants
The question of how bacteria overcome species barriers and adapt to new hosts is essential for the understanding of both the origin of infectious diseases and the emergence of new pathogens. Phage typing is one approach to differentiate, e.g. serovar Typhimurium isolates for epidemiological purposes. The sensitivity and reproducibility of phage typing make it a very attractive method for determining the spread of different, yet very closely related, S. Typhimurium clones over time ( Fig. 18.2 ). Several studies show that DT2 and DT99 represent the phage types predominantly isolated from pigeons in Europe and other continents but very seldom from other species (Rabsch et al., 2002) . This observation illustrates that these S. Typhimurium variants have a narrow host range. Conversely, pigeons are hardly ever infected with phage types other than DT2 and DT99, indicating that other S. Typhimurium isolates are not well adapted to this host species. It is therefore reasonable to conclude that phage types DT2 and DT99 represent a pigeonadapted variant of S. Typhimurium. In 2008/2009, the National Reference Laboratory for Salmonella (NRL-Salm) received an increasing number of Salmonella strains with the antigenic formula 4,12:-:1,2 isolated from perished wild birds, particularly siskins. The fl agellar antigen of the fi rst phase was phenotypically not detectable in these isolates. By PCR, a gene fragment coding for the H:i fl agellar antigen could be amplifi ed. Consequently, these strains represent a phenotypically monophasic variant of S. Typhimurium var. Copenhagen (antigenic formula 4,12:i:1,2). Phage typing revealed that most of the isolates belonged to phage type DT40, the most common phage type associated with S. Typhimurium infections in wild birds. Genotypically identical DT40 strains had been isolated from wild birds, humans, particularly infants, and cats. This refers to a direct or indirect transmission of the pathogen from wild birds to humans. By coming in contact with contaminated birds, domestic cats could play an important role as vehicle between birds and humans (Hauser et al., 2009) . Phage type DT40 has been reported to be responsible for annual spring incidents of wild bird (mainly songbirds and fi nches) mortality in England (Pennycott et al., 1998) . Phage type DT40 was responsible for an epizootic of salmonellosis in feeder birds (mainly northern fl ocking songbirds) in north-eastern America in the winter of 1997/1998, and this phage type was noted to be very rarely isolated from other species (Daoust et al., 2000) . These data suggest that phage type DT40 represents an avian-adapted S. Typhimurium variant with a narrow host range and wide geographic distribution (Rabsch et al., 2002) .
In the past, DT8 and DT46 were associated with a small number of human S. Typhimurium infections traced back to the consumption of raw or undercooked duck eggs, but were hardly ever connected with other sources. Investigations of geese and ducks confi rmed a narrow host range by phage-typing analysis (Rabsch et al., 2002) . In 2010 a salmonellosis outbreak in Ireland of S. Typhimurium DT8 associated with duck eggs confi rmed this association (Noble et al., 2012) .
Salmonella Enteritidis variants
Since 1984, S. Enteritidis has been the predominant serovar in Germany in humans, and phage types (PT) 4/6 have been the most important while chicken meat and table eggs have been demonstrated to be the main infection sources (Tschäpe et al., 1999) . However, S. Enteritidis PT11/n.c. (Ward/Lalko and Laszlo schemes) and PT9a/n.c. belong to the uncommon phage types causing disease in humans (Laszlo et al., 1985; Ward et al., 1987) . Within the years 1996-2006, PT11/n.c. and PT9a/n.c. were isolated from hedgehogs in different German Federal states. The strains were isolated from organs and faeces. In the same period, 38 human cases of PT11/n.c. and two cases of PT9a/n.c. were detected. In 2008, a 2-year-old boy became ill and S. Enteritidis PT9a/n.c. was isolated. A telephone interview with the mother identifi ed that the boy ate unwashed windfall fruit in an area where hedgehogs were present. In Great Britain, 13 of 74 hedgehogs were reported to be infected with S. Enteritidis PT11 (Keymer et al., 1991) . In Denmark, the association of both these phage types with hedgehogs has also been confi rmed. Interestingly, both phage types are indistinguishable by PFGE XbaI analysis and HindIII RFLP plasmid analysis (Nauerby et al., 2000) .
Salmonella Paratyphi B variants
Serovar Paratyphi B can be classifi ed into one systemic and one enteric pathovar according to its capability to ferment d-tartrate. While d-tartrate-nonfermenting (dT − ) strains exhibit an enhanced human pathogenicity causing typhoid-like disease, d-tartrate-fermenting strains (dT + , former variant Java) provoke a less severe gastroenteric disease. Molecular approaches sup port this classifi cation into pathovars (Prager et al., 2003) . Sequence analysis revealed a single nucleotide exchange within the start codon of gene STM3356 in the d-tartrate-nonfermenting strains of the systemic pathovar (Malorny et al., 2003) that allows a clear discrimination by PCR. Together with the sopE and avrA gene amplifi cation, the enteric pathovar (EPV) can be further subdivided into variants 1 to 4 (Fig.  18.3) . In Germany, EPV3 (sopE − , avrA + ) is the dominant one. So in outbreak investigations a combination of phage typing and pathovar discrimination can be helpful. Evidence for a possible vehicle in a multinational outbreak of S. Paratyphi B var. Java PT3b var 9 is based on a case-control study conducted in Sweden. The cases were strongly associated with the consumption of imported baby spinach (Denny et al., 2007) . Such strains of PT3b var9 (dT + , former variant Java) belonging to EVP1 were also observed in 2011 in Germany. The poultry-associated S. Paratyphi B strains that are described in the Netherlands and also observed in Germany often belong to EVP3. It is proposed that the PCR technique for testing for the presence of the virulence genes sopE1 and avrA could be used as a diagnostic tool for identifying both pathovars of S. enterica serovar Paratyphi B (Prager et al., 2003) . This will be of great public health importance, since strains of S. Paratyphi B have recently re-emerged worldwide. The revision of the reporting scheme to take the subdivision of S. Paratyphi B into account would be reasonable, since the enteric pathovar is frequently found in poultry (EFSA/ ECDC 2010) and from there might be transferred to humans. The systemic S. Paratyphi B pathovar SPV1 is mainly acquired by travelling, e.g. to Turkey (Prager et al., 2003) .
Reptile Exotic Pet-Associated Salmonellosis
Although the main focus of this chapter is on food-borne Salmonella infections, it should not be forgotten that man to man transmission is common during outbreaks, especially in institutions like hospitals, nursing homes, playschools etc. professional or private settings. Clinically affected animals may exhibit a higher prevalence of shedding than apparently healthy animals, but both can shed Salmonella over long periods of time. In addition, environmental contamination and indirect transmission through contaminated food and water may complicate control efforts. The public health risk varies by mammals, birds and reptile species, age group, husbandry practice and health status (Hoelzer et al., 2011) .
A study from Canada conducted between 1994 and 1996 illustrated the potential problem of reptile-associated salmonellosis for the fi rst time. Investigations revealed that 3-5% of human Salmonella cases were associated with exposure to exotic pets with a great variety of Salmonella serovars involved, e.g. S. Paratyphi B var. Java, S. Stanley, S. Poona, S. Jangwani, S. Pomona, S. subsp. IV 48:g,z51:-(former S. Marina) and others (Woodward et al., 1997) . In 2011, a 13-month-old child from Austria passed away on the transport to the hospital with vomiting and diarrhoea. Local health authorities found that the infection was triggered by S. Kintambo and S. Poano found in the faeces of a monitor lizard kept in his family (Kornschober, Graz, pers. comm.). Several publications in the past decade (Cyriac and Wozniak, 2000; Ward, 2000; Willis et al., 2002; Stam et al., 2003; Wybo et al., 2004; De Jong et al., 2005; Bruins et al., 2006; Corrente et al., 2006; Berendes et al., 2007; Brédart et al., 2007; Hames et al., 2008; O'Byrne and Mahon, 2008; Bertrand et al., 2008) indicate that although infections attributed to exposure to reptiles and other exotic pets represent only a small proportion of all human salmonellosis cases, it is likely to be an underestimated and growing problem that deserves closer attention. In Spain S. Paratyphi B var. Java (d-tartrate positive, dT + ) and monophasic variants were associated with turtles (Hernández et al., 2012) . It is diffi cult to distinguish between pathovars of S. Paratyphi B.
The list of exotic Salmonella serovars transmitted by exotic pets becomes longer and longer, but S. Typhimurium has also been involved in outbreaks. A multi-state outbreak in the USA in 2008 was associated with pet turtle exposure. In nearly half of the 135 cases, children ≤5 years were affected. This outbreak was the third turtle-associated outbreak since 2006 (CDC, 2010 ). An increase of S. Typhimurium with the very rare phage type DT191a was recognized by the reference laboratory in England and Wales. A matched case-case study gave strong statistical evidence for a connection between illness and reptile keeping (mainly corn snakes). In this case, frozen feeder mice were suspected to be the source of infection and DT191a was found in three pools of sampled mice that could be traced back to a single supplier in the USA (Harker et al., 2011) . According to the ownership statistics gathered from APPA's (American Pet Products Association) 2011-2012 National Pet Owners Survey, 4.6 million US households own a pet reptile or 13 million reptiles live in US households, respectively (http://www. americanpetproducts.org/press_industry-trends.asp; AVMA, 2007) .
The number of pet reptiles (bearded dragons, chameleons, geckos, snakes, skinks and turtles) is also steadily increasing in European countries, including Germany. In 2007 more than 500,000 reptiles were imported to Germany only via Frankfurt/Main airport (Hatt et al., 2009) . Reptile trade fairs are booming and a lot of exotic reptiles with CITES certifi cate are offered by Internet stores and swapping platforms. In the TESSy database the number of cases from children under 6 years old with REPAS-known serovars has increased in recent years (Table 18 .4; Johanna Takkinen, ECDC, personal communication). Reptiles are known to release Salmonella frequently (Geue and Löschner, 2002) and reptile-associated salmonellosis has been recognized as an emerging zoonosis. Our own investigations of reptiles from households with confi rmed salmonellosis in children demonstrated that the strains detected from the child can be regularly isolated from the choana, the cloaca and/or the ventral skin of the reptile. In the majority of the cases, multiple Salmonella serovars were isolated from the respective reptile (M. Pees, Clinic for birds and reptiles, Leipzig, unpublished data). Reptiles are frequently asymptomatic carriers of Salmonella and therefore an important reservoir for these bacteria. In fact, each reptile should be considered a Salmonella carrier until the contrary is proven (see Chapter 17, this volume).
Swedish import restrictions and information campaigns were shown to be effective public health measures against REPAS. When Sweden became a member of the European Union (EU) in January 1995 Sweden no longer required certifi cates stating that imported animals were free of Salmonella (De Jong et al., 2005) . In the USA, the Association of Reptilian and Amphibian Veterinarians (ARAV) published guidelines for reducing the risk of transmission of Salmonella from reptiles to humans, including a client hand-out distributed at the points of sale of these animals (Bradley et al., 1998) . Further, the US CDC published recommendations including hand washing after handling reptiles or their cages and keeping reptiles out of food preparation areas. The CDC also advises that pregnant women and young children should not keep reptiles as pets (CDC, 2008 (CDC, , 2010 .
In Europe, recommendations related to the handling of reptiles and other exotic pets exist in the veterinarian sector but it appears that guidelines for prevention of Salmonella transmission from reptiles to humans should be extended to the fi eld of local public health authorities, because at least one documented food-borne outbreak resulted from environmental contamination caused by a bearded dragon (Lowther et al., 2011) . The community needs to be cautioned about the risk of REPAS, and it is important that physicians and public health experts consider this way of transmission.
From the epidemiological point of view (Robert Koch Institute, 2013) and in addition to an earlier recommendation ('Reptile-Associated Salmonellosis', RAS, De Jong et al., 2005) , we propose to call this special type of epidemic 'Reptile-Exotic-Pet-Associated-Salmonellosis' (REPAS). The main argument for this proposal is that over recent years the method of trading reptiles has changed considerably and this will probably continue in the future. The main risk of Salmonella transmission from reptiles to humans is not due to European wild species but, as the results of this study also demonstrate, at present is mainly due to 'exotic' imported reptile species. Furthermore, following recent examinations Salmonella shedding is higher in reptiles kept in captivity in comparison to wild reptiles (Geue and Löschner, 2002; Scheelings et al., 2011) and 'pet' reptiles are obviously in closer contact to humans. These arguments justify the inclusion of 'exotic pet' into the term describing the problem. The risk to human health connected with the reptile pet market has been highlighted recently (Arena et al., 2012) and the accurate description of the problem using REPAS might be important to convey the problem in education and assist the European Commission to give recommendations to harmonize animal welfare and public health.
Clinical Manifestation of Salmonellosis
Although the vast majority of Salmonella infections show self-limiting characteristics and are restricted to gastrointestinal symptoms, salmonellosis is a potentially serious disease that results in several fatal cases each year (Table 18. 5; Robert Koch Institut, 2011b) .
Most cases were associated with S. Enteritidis, but in 2010 the number of S. Typhimurium-caused deaths was higher. As with most other enteric infections, infants, elderly and immunocompromised people or patients with underlying diseases are more likely to be infected and the outcome of the disease is likely to be more severe in these groups (Saphra and Winter, 1957; Gordon, 2008) . Typical symptoms of patients during an egg-associated outbreak of S. Enteritidis had been diarrhoea (87%), abdominal pain (84%), feeling feverish (75%), nausea (65%), muscle pain (64%), vomiting (24%), headache (21%) and blood in stool (6%) (Stevens et al., 1989) .
The incubation period in cases of Salmonella food poisoning usually ranges between 6 and 72 h but occasionally it may extend to 1 week. In some outbreaks with probably very high numbers of ingested bacteria incubation times of 2.5 h have been reported (Stevens et al., 1989) . The consumption of alcoholic beverages as a protective factor for Salmonella infection during or immediately after uptake of contaminated food has been discussed in the past (Bellido-Blasco et al., 2002) . Further, an antacid therapy might be a risk factor for salmonellosis (Jansen et al., 2008) . Diarrhoea may vary in volume and frequency. In most cases, stools are loose and of moderate volume without blood or mucus. Occasionally, stools can be of large volume and watery. With the vast majority of Salmonella serovars isolated from humans, the symptoms are consistent with those described by Stevens et al. (1989) . However, in a small proportion of cases (ca. 1%), Salmonella develops invasive characteristics potentially leading to bacteraemia and gramnegative sepsis. For certain serovars, especially S. Dublin, S. Choleraesuis and strains of S. Virchow, the incidence of extra-intestinal infections is higher. In up to 25% of S. Dublin, 75% of S. Choleraesuis and 4% of S. Virchow infections the bacteria can be isolated from blood cultures (Threlfall et al., 1992) .
Salmonella can also cause pseudoappendicitis similar to that produced by Yersinia enterocolitica and other enteric bacteria (Sullivan and Cunha, 1989) or cholangitis (Vogel et al., 2007) ; soft tissue infections are described as well (Hames et al., 2008) . Endovascular and cardiovascular infections represent rare complications of non-typhoid salmonellosis (Fernández-Guerrero et al., 2004; Hsu and Lin, 2005) . To reduce the number of severe systemic infections it is important to identify high-risk patients and treat them as early as possible (Hibbert et al., 2010) . Some patients with non-typhoid salmonellosis develop meningitis and this is more common in neonates and often associated with reptiles (Makin et al., 1996; Cyriac and Wozniak, 2000; Wybo et al., 2004; Milstone et al., 2006) . Salmonella-induced osteomyelitis most frequently occurs in children and is usually of haematogenous origin (Cohen et al., 1987) .
Most cases of septic arthritis occur in children, immunosuppressed people or patients with sickle cell disease (Cohen et al., 1987) . The latter almost always have associated osteomyelitis (Hernigou et al., 2010) .
A highly invasive form of non-typhoidal Salmonella (mainly S. Typhimurium) infection emerged as one of the major public health problems in sub-Saharan Africa . This disease is characterized by bacteraemia and/or meningitis, occasionally accompanied by septic arthritis. The clinical presentation is nonspecifi c, with fever often being the only clinical sign and a history of gastroenteritis present in less than 50% of the cases. Molecular investigations of these strains on genome level implicated host-pathogen interactions, suggesting that this lineage may represent a distinct pathotype of S. Typhimurium (Kingsley et al., 2009) . Other complications are indirect and include reactive arthritis and pancreatitis, of which the pathogenesis is not well understood (Lee et al., 2005; Townes, 2010; Mertens et al., 2012) . Broncho-pulmonary salmonelloses are rare manifestations of extra-intestinal focal infections in adults caused by different subspecies of Salmonella.
They may appear without previous gastroenteritic symptoms especially in patients older than 60 years, as well as in patients who are immunocompromised or suffer from chronic pulmonary diseases (Jüch et al., 2013) .
The volunteer studies conducted by McCullough and Eisele (1951) demonstrated that with Salmonella such as S. Bareilly and S. Newport, a dose of at least 100,000 cells was required to cause infection. This created the belief that infection was only possible if large numbers of cells were consumed. This view was supported by studies with other serovars, including S. Derby and S. Anatum, where it was necessary for volunteers to consume more than 10 million cells to elicit disease. Such numbers of Salmonella must be found relatively seldom in foods, apart from instances of gross mishandling. Epidemiological data suggest that infection can be initiated from a low infective dose, particularly where the bacteria are protected within a food matrix. Foods with a high fat content (D'Souza et al., 2012) or a good buffering capacity may protect small numbers (Jasson et al., 2011) of Salmonella during their passage through the acid regions of the stomach, thus permitting a lower dose of organisms to initiate infection. Examples of such foods and infectious doses associated with them are shown in Table 18 .6. It has also been demonstrated that people on antacids, where gastric acidity has been lowered, or antimicrobials, which altered the gut fl ora, are more susceptible to infection. A food-borne outbreak caused by S. Enteritidis PT8/7 was characterized by prolonged duration and a low infection rate among (Jansen et al., 2008) . The infective dose required in these people may also be lower. Minimal infective doses can also vary with age and state of health; in the young they are very low. Analysis of a large number of outbreaks demonstrated that, for non-typhoid salmonellosis, there was a relationship between infective dose and the severity of illness (Glynn and Bradley, 1992; Mintz et al., 1994; Werber et al., 2005) .
The study of outbreaks can provide much interesting information concerning the pathogenicity of salmonellosis and human reaction to infection, as it permits observations on a population exposed to the same Salmonella within the same foods and at the same time. Such work has revealed that there can be marked variations in attack rates, although this may be explained in part by the uneven distribution of Salmonella in non-liquid foods. However, early studies by Hobbs (1971) on poultry-associated outbreaks of salmonellosis found attack rates varying from 8 to 86% (mean 20%). More recent investigations from 47 Salmonella outbreaks, involving a number of vehicles and fi ve different serovars, calculated the attack rate as 56% (Glynn and Bradley, 1992) .
Salmonellosis remains an internationally important human disease and presents many challenges to the food and agriculture industries and those charged with the protection of public health. Infection rates will only be reduced if there is the closest possible working relationship between all those involved with food production and the government agencies with responsibility for food safety.
Outlook
By the time the book The World Problem of Salmonellosis was released in 1964, NRCs for Salmonella had been established in several European countries and the KauffmannWhite scheme had already been proved to be a valuable tool for epidemiological investigations.
During that time the excessive import of feeding stuff and egg products from overseas introduced a lot of 'exotic' Salmonella serovars to Europe. However, there was no S. Enteritidis pandemic in Europe until that time. This started in the mid-1980s and was picked out as a central theme in the book Salmonella in Domestic Animals. Today, it seems that the S. Enteritidis problem in laying hen and chicken fl ocks has been overcome in Europe by the applied control measurements and that the mass outbreaks of the 1990s belong to history. The abovementioned book also referred to the rapid dissemination of the multidrug-resistant S. Typhimurium DT104. Meanwhile the number of isolates expressing this particular phage type is also declining and involved in outbreaks only sporadically. It has been replaced by a likewise multiresistant monophasic variant of S. Typhimurium DT193 that entered the human food chain and is now drawing attention throughout Europe. It was once speculated that S. Typhimurium DT104 originated from Asia and early infections with the monophasic S. Typhimurium DT193 variant seemed to be related to travelling to Asian countries as well. Following this hypothesis would lead to the assumption that the vast human and farm animal populations in close neighbourhood together with often defi cient sanitation may provide optimal conditions for pathogen dynamics as well as microevolution. Brought to Europe, these novel strains would be able to provoke mass infections in humans and livestock for many years. Antibiotic selective pressure and exchange of virulence markers by horizontal gene transfer via plasmids and bacteriophages will always support the maintenance of the most virulent Salmonella isolates. Therefore we should bear in mind that the application of antibiotics in subinhibitory concentrations can promote horizontal gene transfer by phage induction (Santos et al., 2009) , since most of the Salmonella phages have generalized transduction capacities (Schicklmaier et al., 1998) .
Costerton wrote in 1995 that bacteria live only temporary as single organisms but spend most of their life cycle outside warmblooded hosts in biofi lms (Costerton et al., 1995) . The formation of this multicellular state was also described for Salmonella. Attached to each other and embedded into a self-produced extracellular matrix, bacteria are able to colonize abiotic materials, plant surfaces and epithelial cells (Römling et al., 2007) . This might be an explanation for the increase in Salmonella infections caused by vegetable foods. The bacteria persist on or within the plant leaves as cellulose-encased particles. In this indigestible state they are protected from gastric acid and reach the small intestine unaffected, where they then infect the epithelial cells. Since the reservoirs of underground water are limited, more and more potentially contaminated surface water is used for irrigation. Due to the expression of fl agella, Salmonella is able to move through the plant's stomata. Special fi mbriae or a colonic acid capsule allow the bacteria to attach and, subsequently, to form a biofi lm. This biofi lm seems to be effective for survival to such an extent that it might be comparable with Bacillus or Clostridium spores. Biofi lm formation is also observed in sewage sludge. If the sewage sludge comes into contact with surface water (e.g. in occasions of fl ooding) or is directly brought on to the fi elds, vegetables will be contaminated and become the source of animal and human infections.
In cases of host-adapted salmonellosis, the eradication within the stock may succeed at times as shown for S. Gallinarum and S. Pullorum. The avian-adapted S. Gallinarum was endemic within European and US poultry fl ocks in the early 20th century. Since S. Gallinarum has no other reservoir than domestic and aquatic fowl, the test-and-slaughter method led to its eradication from commercial poultry fl ocks in the USA, England and Wales in the 1970s. However, infections caused by S. Gallinarum are still common in free-range or specialist fl ocks, where hygiene standards and management might be less effective than on intensive farms (Hinz et al., 1989) . Further, we have to understand that the host-bound life cycle is different from non-host survival. Since the S. Gallinarum genome contains the operons for cellulose, colonic acid and curli production the serovar should be able to form biofi lms where the bacteria can reside in interepidemic phases. So it might be only a matter of time before S. Gallinarum will be brought back to the European poultry fl ocks by imported feed or other vehicles carrying the 'Salmonella Gallinarum-cellulose-matrix-complex'. Therefore, a global eradication as achieved for pox viruses or other viral pathogens has no reasonable chance in the case of salmonellosis in general. Only long-term strategies to combat Salmonella biofi lms can help to reduce the burden of salmonellosis in future.
